ABSTRACT: Administration of antivenom is currently the standard treatment for snake envenomation. However, it can sometimes cause anaphylactic reactions including urticaria, bronchospasm and hypotension. Furthermore, it may also provoke life-threatening complications, even though the mortality rate is less than 1%. In this study, we present a new treatment -immediate radical fang mark ablation -that was successfully performed on five victims of Japanese viper bites without antivenom use. In these five victims of venomous snakebites, surgical debridement was immediately performed. Two patients received a free-skin graft to resurface their wounds while three of them healed conservatively (i.e. by ointment treatment without surgery). After treatment, all patients could return to work. Immediate radical ablation is a recommended procedure that can reduce the amount of venom in tissues, which consequently decreases inflammatory reactions and reduces the necessity for antivenom.
INTRODUCTION
More than 1,000 cases of Japanese viper (Gloydius b. blomhoffii, Japanese mamushi) bites are believed to occur annually in Japan (1) . The venom of these snakes contains a chemically complex matrix of proteins that present enzymatic activities and cause local necrosis. On the other hand, this venom also contains lowmolecular-weight polypeptides that increase capillary membrane permeability, resulting in plasma protein extravasations and red cell fragmentation. This lethal process can occur in many organs, including the lung, kidney, myocardium and central nervous system (2) .
The most recent guidelines for first aid against viper envenomation call for avoiding the following measures: ice packs, incision, sucking, tourniquets and hot packs. The recommended therapy for a patient that presents rapid inflammation caused by viper envenomation is the administration of antivenom (3) . However, it carries a risk of anaphylactic reaction, so that antivenom usage should be approached with extreme caution.
We successfully treated viper envenomation without antivenom by performing immediate radical fang mark ablation on five patients. This procedure is presented herein as a new first aid measure for victims of venomous snakebites.
CASE REPORTS

Case 1
A 72-year-old woman was bitten on her left leg by a Japanese viper and arrived at our unit 50 minutes after the injury. At initial examination, the medial side of the left knee was swollen with an area of ecchymosis and necrotic soft tissue measuring 3.5 x 2.0 cm around the fang mark ( Figure 1 ). Surgical debridement of ecchymotic surface, as well as ischemic and necrotic tissue, including the surrounding inflamed skin (total of 8.5 x 7.0 cm) was immediately performed above the fascial layer under local anesthesia.
The wound was left open and wet-to-dry dressings were applied for five days. Severe systemic symptoms, including hypotension, respiratory distress or numbness were not observed, but the serum creatinine kinase (CK) level was remarkably increased (10,103 IU/L) throughout the subsequent week. The patient received tetanus toxoid (250 IU) and antibiotics (cefazolin, 2 g/day) intravenously as a prophylaxis against secondary infection. Antivenom was not administered due to the stable general 
Case 2
The left index finger of a 74-year-old man was bitten by a Japanese viper. About 30 minutes after the injury, the victim arrived at our emergency unit where the first examination revealed that the radial side of the finger was swollen with an area of soft tissue necrosis measuring 1.5 x 0.6 cm around the fang mark ( Figure 3 . Two months after injury, the wound was completely healed.
Case 3
A 68-year-old woman was bitten by a Japanese viper on her left ring finger and was transferred to our emergency unit 30 minutes after the accident. The affected finger presented two lesions around fang marks characterized by swelling, ecchymotic area, ischemic soft tissue and measured, respectively, 1.0 x 0.8 cm and 0.6 x 0.5 cm 
The patient received tetanus toxoid (250 IU) and antibiotics (cefazolin, 2 g/day)
intravenously. Antivenom was not administered. The wound healed with slight numbness within 1.5 months (Figure 9 ). 
Case 4
One hour after being bitten by a Japanese viper on the right index finger, a 68-yearold man arrived at our emergency unit. First inspection revealed that the affected finger was swollen with soft-tissue necrosis surrounding the bite (0.8 x 0.5 cm).
Immediate ablation of the damaged tissue was carried out, including the proximal inflamed skin (2.5 x 1.0 cm). The wound was left open and wet-to-dry dressing was applied for five days. The patient did not show systemic symptoms, except for the increased CK level (3988 IU/L) that persisted for a week. The victim received tetanus toxoid (250 IU) and antibiotics (cefazolin, 2 g/day) intravenously. Since the patient presented satisfactory general condition and stable laboratory tests, antivenom was not administered. To resurface the wound, the patient received a free skin graft three weeks later. Two months after the injury, the lesion was completely healed and the patient could return to work.
Case 5
A 78-year-old man was bitten on his left index finger by a Japanese viper and was transferred to our emergency unit one hour later. The finger was swollen with ecchymosis as well as ischemic soft tissue around the fang mark (0. Since snakebite severity depends on the amount of venom injected into the victim, if even a small part of it can be removed, patients should present milder symptoms (3).
Measures to diminish venom volume into victims' body have been used since ancient times and include cutting and sucking as well as the use of suction devices.
However, as previously stated, these first aid treatments are currently of no value and may actually worsen the bite wound (5, 6, 10) .
Immediately after snakebite, envenomation occurs at the bite site causing swelling and skin necrosis around fang marks, which is also evident under histopathological examination (2, 9) . Histopathological analysis of damaged tissue, including fibrinoid necrosis, vein thrombosis, red blood cell extravasation and subcutaneous tissue We concluded that acute reactions -such as vascular obstruction and tissue necrosis -and necrotic changes were venom immediate effects, due to the observation of neutrophil infiltration. These types of reactions may be primarily local and delay their spread, so that a high dose of venom might remain close to fang marks for a long time. Therefore, the radical ablation of necrotic tissue and inflamed skin surrounding the bite would help reduce the amount of venom, which consequently decreases inflammatory responses and the necessity of antivenom.
In Case 1, the patient reported severe leg pain while swelling and necrotic tissue were visible on the knee. The bite probably had injected a large volume of venom, since the necrosis around fang marks developed rapidly. In our opinion, the immediate radical ablation of inflamed tissue was effective, even without administration of antivenom.
On the other hand, we have already seen victims of viper bites who had no symptoms or signs of envenomation several hours after injuries. In these dry-bite cases, radical ablation of fang mark should not be performed until local signs of envenomation appear, i.e., ecchymosis, ischemia, swelling, increasing pain and skin necrosis.
Since the aim of this procedure is removal of injected venom, all necrotic soft tissue and inflamed skin must be debrided. The earlier the treatment is performed, the smaller is the area that must be removed. Our five cases suggested that effective venom removal can be expected if ablation is carried out within an hour after bite. Immediate radical ablation is a useful procedure that can reduce the amount of venom in tissue, which, consequently, decreases inflammatory reactions and reduces the necessity of antivenom usage.
